Since 1945, both Spain and Portugal have experienced signi…cant market transformations. These countries were both led by dictators for many years until the mid 1970s when each moved toward more democratic governments and more open markets. As a result, each experienced signi…cant changes in output with Spain's becoming a model for proper market based transformations. Although Portugal's transformation has been less impressive it experienced improvements too. This paper uses a Parente and Prescott (1994, 2002) type model to investigate the recent transformations in each of these countries and quantify the extent to which barriers to technological adoption may have played for these two development experiences. Our results indicate that from 1945 to 2003 these barriers have fallen considerably but remain high, and are somewhat higher in Portugal than in Spain.
Introduction
The foundations for economic growth and development have long been a major area of inquiry for economists. In 1956, Solow (1956) took on the challenge and contributed signi…cantly to our understanding. Even though the Solow growth model still left open questions and anomalies, it has become a baseline framework from which new theories can be extended and compared. One recent theory has been presented by Parente and Prescott (1994 , 2002 , 2005 which modi…es the Solow model to include a technological capital stock. Their theory suggests that countries may reach di¤ering steady states because of barriers to technological adoption. 1 This paper builds on the Parente and Prescott (2002) structure by modifying the model to include adjustment costs in capital investment. This addition results in a model in which closed form solutions can be obtained. More importantly, it results in an improved simulation structure where no attention to negative investment levels is needed. We apply this model to recent development experiences in Spain and Portugal and show that the model is able to explain these experiences well.
Spain and Portugal are the kinds of countries which have presented problems for the Solow growth model because of their long and checkered economic history.
During the 15th and 16th centuries, they where the major economic, political and cultural powers of Europe, sharing the World according to the 1492 Treaty of Tordesillas which was mediated by Pope Alexander VI. But leadership proved di¢ cult to maintain and between the 17th and 19th centuries, gradually these nations became more backward relative to the rest of Europe. The 20th century saw further stagnation and lengthy periods of dictatorship rule, followed by democratic movements and eventual entry as founding members of the European Union. However, even today, and particularly in Portugal, these economies do not rival those of the more developed members of the European Union. In this paper, we investigate the post World War II development experiences using the Parente and Prescott ideas and show that barriers to technological adoption seem to have played a role and continue to constrain the economic experiences of these countries.
The barriers theory of Parente and Prescott has led to a number of important follow up studies which con…rm the existence of barriers in a number of di¤erent settings. Boucekkine and Martinez (1999) introduced barriers to technology adoption in a canonical vintage capital model. 2 Hall and Jones (1999) reworded barriers to technology adoption as social infrastructure. In their view, good infrastructure encourages "the adoption of new ideas and new technologies as they are invented throughout the world." 3 Ngai (2000) found that international income disparities were related to different levels of barriers to technology adoption and capital accumulation, and that these delay the turning point between growth stages. 4 Acemoglu and Zilibotti (2001) found that income disparities between LDCs and DCs arise even in the absence of policy induced barriers to technology adoption due to di¤erences in labor force skills. 5 Harding and Rattsø (2005) investigated the role of barriers to technology adoption on South Africa's growth. 6 And, Comin and Hobijn (2007) setup a tractable model of endogenous growth in which the returns to innovation are determined by the technology adoption decisions. 7 Our paper also contributes to this growing body of work.
In order to present our results in a clear format, we have organized the paper as follows. In section 2, the model is described and the closed form rules for the competitive economy are presented. Section 3 follows the calibration routine of Parente 2 Using numerical methods, they validated the dynamics of the model and found that higher adoption costs constrain output levels in the long run, raise the magnitude of short run ‡uctuations, and decrease the convergence speed to the steady state. 3 Quantitative analysis utilizing data for 127 countries from several sources indicated that di¤er-ences in social infrastructure caused large disparities in income across countries. 4 Her …ndings were based on the development experiences of the 124 countries from Maddison's 2001 dataset. 5 Using 1997 U. N. General Industrial Statistics data for 22 countries, they conclude that technology adoption depends also on supplies of factors of production, as di¤erent technologies …t better di¤erent factors of production. 6 They found that reduced barriers pre-and post-sanctions and the high barrier during sanctions explained the development of productivity. 7 Calibrating it to U.S. data, they found that policies inducing lower barriers increase growth.
and Prescott to calibrate our model using U.S. and Japanese data. In section 4, the post World War II socioeconomic experience of the Iberian economies is reviewed and then compared to simulations from our model to assess its ability to account for their development experiences. Attention is also focused on the sources of the barriers in these two economies and particular events which likely resulted in changes in the barriers level. Section 5 concludes.
The Model
Our analysis is based mostly on the particular model developed in Parente and Prescott (2002) . 8 In the presentation here, most of their structure and notation is preserved. One key di¤erence is our formulation for the creation of both physical and technological capital. Our formulation incorporates an adjustment cost component which makes the simulations much easier. The adjustment cost component implies that there is a preference for smoother investment patterns and this eliminates the simulation concern over negative investment values that was present in the various Parente and Prescott models. This formulation also has the added bene…t of making the social planning problem analytically tractable which greatly simpli…es the simulation exercise.
The corporate sector
The model abstracts from aggregate behavior and envisions everything on a per worker basis. A …rm that operates h t hours per workweek, uses k t units of physical capital per worker and z t units of intangible capital per worker, has a level of output per worker given by
where t (1+ ) (1 z k )t and is related to the exogenous rate of growth for world knowledge and is assumed to be greater than zero. It is assumed that total factor productivity is governed by A( ) = (1 + ) z where is a measure of the barriers to technology adoption in a particular country. Higher values of are interpreted to correspond to countries where the barriers to technology adoption are higher. In addition, output elasticity parameters k and z are assumed to be positive and that
Although the production function may appear to have increasing returns to scale because the sum of the exponents is more than 1, this is not the case as this is a per worker production function. Additional workers are handled simply through replication of this production function which implies that the aggregate production function exhibits constant returns to scale.
Firms are assumed to hire labor and rent physical capital through competitive markets but to invest in intangible capital on their own. Investment in intangible capital in the amount i zt is combined with the existing intangible capital stock z t and leads to future intangible capital stocks given by
where 0 < A z and 0 < z < 1. This formulation exhibits an adjustment cost element as in Lucas and Prescott (1971) .
The choices of …rms are governed by a desire to maximize the value of the dividend stream paid to its owners. The …rm's dividends are simply revenues minus expenses and are given by
where w t (h t ) is the wage rate per worker at time t and is a function of the number of hours the …rm is in operation, r kt is the rental rate on physical capital at time t and i zt is the number of units of intangible capital that the …rm invests in at time t.
The labor and capital markets are assumed to be competitive, which implies wage and rental rates given by
where r zt is the implicit rental rate on technological capital. The …rms behave in the best interest of their stockholders and thus their optimization problem is to maximize
subject to (1), (2) and (3) where p t is the price of output at date t.
The consumer sector
The consumer sector consists of a large number of identical agents who own equal initial shares of the two marketable assets in the economy. These marketable assets consist of physical capital, denoted k t for holdings at date t, and ownership rights to one …rm. 9 In addition, each household has one unit of time at each date which is allocated between labor supply and leisure consumption. Households have preferences for consumption and leisure over time given by
where 0 < < 1, 0 < B and 0 < . In this set up, c t denotes consumption of goods at date t. The term (1 + ) t is present in the utility function in order to keep the labor supply h t stationary over time. Without this element, as c t grows, the labor supply would be driven to a boundary. This term can be interpreted as implying that the value of time in home production increases over time at a rate equal to the balanced growth rate for the economy.
The household physical capital stock changes over time when new investment i kt is combined with the existing capital stock k t according to
where 0 < A k and 0 < k < 1. As in the technological capital, this formulation is motivated by Lucas and Prescott (1971) . 9 Technology capital is invested in by …rms and is not traded in a market.
Then we can formulate the representative agent's objective as maximizing (7) subject to (8) and the budget constraint
Moreover, because households are assumed to be numerous, each household is a su¢ ciently small part of the economy so that they are price takers.
Competitive equilibrium
The competitive equilibrium for this economy consists of prices fp t , r kt , w t : t 0g
1. Agents optimize:
i. Given fr kt , w t , v f t : t 0g and k 0 , the allocations fc
solve the consumer's optimization problem.
ii. Given fp t , r kt , w t : t 0g and z 0 , the allocations
solve the …rms's optimization problem.
Markets clear:
i. Goods market: c t + i kt = y t i zt , for t = 0; 1; :::
ii. Labor market: h t = h t , for t = 0; 1; :::
iii. Physical capital market: k t = k t , for t = 0; 1; :::
Decision rules
Although it is numerically feasible to solve for the competitive equilibrium using the expressions implicit in its de…nition, it is much easier to work with the social planning decision rules. The social planner is simply an integrated consumer-producer that makes all consumption, investment and production decisions simultaneously. The planner takes as its objective the consumer utility function and maximizes this subject to all the consumer and producer constraints described above. In the appendix, the formal speci…cation of the social planning problem is given and solved. The decision rules that solve this problem are given by:
and
The model is calibrated analogously to Prescott (1994, 2002) . The barrier parameter is assigned a value of 0 to correspond to the U.S. economy baseline.
Other countries then are calibrated to have values larger than 0 which is interpreted to indicate higher barriers to technology adoption. 10 The parameter is set to 0.02 to correspond to the observed 2 percent annual growth rate of per capita output and is set to 0.9716 to correspond to a 5 percent risk free interest rate. 11 Next, is set to 10.0 to correspond to a labor supply elasticity of 0.11. 12 . Given these parameters, the remaining parameters were jointly calibrated 1 0 It is also possible to have barriers that are less than the United States with negative values for , but such a value isn't needed for the countries studied here. 1 1 The risk free interest rate r is de…ned by introducing privately issued real bonds into the household budget constraint. These bonds have a zero net supply, and in balance growth the …rst order condition for bonds implies r = exp( ln ) 1: 1 2 This elasiticity value is relatively low and corresponds to most empirical estimates of the male supply elasticity. Such a value seemed more appropriate for our purposes where the focus is on long run outcomes rather than business cycle outcomes. With more elastic labor supply calibrations, the model will imply bigger changes in labor hours in transitional economies.
to match other statistics. 
Iberian Development Experiences
In this section we investigate the Spanish and Portuguese postwar development experiences. We begin …rst with some background about each economy. This background will provide insight into turning points in which the barriers to technology adoption changed in each of these countries. With this history in mind, we then turn to the evaluation of each economy. Finally, we wrap the section up with a review of some recently collected data which suggests that the barriers we discuss are likely still a problem.
Background
Given their geographic proximity, one might expect that Portugal and Spain would exhibit similar economic experiences. But geographic proximity is really not enough to imply similar economic outcomes. 14 In fact, it is other similarities that likely account for the two countries following similar economic paths. Probably most important to the similar economic paths is the long shared history of the two countries and the brotherly rapport they have with each other. 15 
Spain
Given our own analysis, and the corroborating views of others, we now turn to as- percent, respectively. From this initial condition, we selected barrier parameters given by those in Table 2 and simulated the model forward in time. Figure 2 plots our simulated data with that of the observed postwar Spanish experience. 16 1 6 As in Parente and Prescott (1994) , both the Spanish, Portuguese and U.S. data were smoothed using the Hodrick-Prescott …lter. We used a smoothing parameter of 100. 
Portugal
Again, using data from Maddison (2007), Portugal's 1945 output per worker was 19.21 percent of the U.S. level. In our model, this is consistent with relative levels of physical and technological capitals of 13.11 and 11.10 percent, respectively. Next, using barrier parameters given in Table 3 , the model was simulated. Figure 3 
Recent evidence of barriers
Recently a number of sources have begun collecting data which can be used to infer barrier levels. Unfortunately, the data does not go back to 1945, so it is not possible to use it as a con…rmation of our barrier values over the entire interval. However, it does provide a useful snapshot of recent barrier experiences.
According Finally, we analyzed the data published by the Global Entrepreneurship Monitor
Reports. In order to use these datasets we loosely use deterrents to entrepreneurship as a proxy for barriers to technology adoption. In terms of access to venture capital, the Spanish perceived it to be better than the Portuguese, even though both Based on these recent sources, it is hard to argue that the level of barriers in the Iberian economies were largely di¤erent. However, they do mostly indicate that they are somewhat higher in Portugal than in Spain. More importantly, they indicate that both countries still need to reduce their barriers.
Conclusion
This paper developed a version of the Prescott (1994, 2002) barriers to technological adoption model that is analytically tractable. This version is attractive as it makes the simulation exercises more straightforward because it never implies negative investment levels. The model was used to study the postwar development experiences in Spain and Portugal and was shown to …t these experiences well. Both countries show that from 1945 to the present, barriers to technology adoption have fallen considerably. However, both also show that the barriers currently in place are still high and need to come down further.
